In the summer of 1929 there appeared the remarkable papers of PAINTER and MULLER, on the one hand, and of DOBZHANSKY, on the other, about the discovery of the translocation of segments from one chromosome to another as the result of X-radiation. Upon read ing these papers, I at once, that very fall, commenced experiments on the X-radiation of Crepis capillaris, a classical plant as regards its chromosome set, which consists of three pairs of homologues (A, C, D) clearly distinguishable from one another (Fig. 1) . The diverse chromosome changes occurring in seedlings of Crepis, vetch, and rye subjected to X-radiation were treated in a special paper (LEWITSKY and ARARATYAN, 1931) . Somewhat earlier a similar paper on Crepis tectorurn had been published by M. NAVASHIN (1931) .
In the spring of 1930 another lot of Crepis capillaris seedlings were subjected to X-radiation. Out of the mature plants 20 indivi duals were selected which proved sharply deviating from the remain ing majority of rather normal ones. The seeds collected from these free pollinated plants gave rise to the F1 progeny of X-rayed plants.1) The cytological study of this progeny was begun in the fall of 1930.
From each plant several root-tips were fixed and investigated. However, later (with the F2) we changed to a new method of "mass cytological investigation" which I had developed (LEWITSKY, 1932) , consisting in cutting off the primary root-tips and pasting them in groups on pieces of paper, so as later to fix them all at once and complete the preparation of the slides. The seedlings whose root-tips had been removed were trans planted to small pots labelled with the same numbers as the corre sponding root-tips and placed in a cool greenhouse under electric illumination, where, for the most part, they quite rapidly formed a new root system and developed normally.
Meanwhile the cytological investigation of the root-tips was in progress, and by the end of 1) In addition we had F1 plants grown from seed taken from three X-rayed plants whose buds were of different ages at the time of irradiation. Cytologia 11, 1940 1 1940 A cytological study of the progeny of X-rayed Crepis capillaris Wallr. 3 us in 1934 (LEWITSKY, SHEPELEVA and TITOBA, 1934) . All the data on the origin and analysis of our first generation (F1) are given in Table 1 . In this table are listed the initial Crepis capillaris WALLR.
1)
For details see our earlier paper (LEWITSKY and ARARATYAN, 1931) . 1* "parental" plants , subjected to X-radiation during the seedling stage, and the respective dosages1) and pedigree numbers are indicated.
The table then gives the number of seedling progeny set out from each initial plant, the number which died and the number cytologic ally investigated, indicating the number of normal and aberrant individuals, and, lastly, a characterization of the separate aberrations with the number of each.
Out of 491 investigated F, plants 84 showed aberrations, i.e., 17.1 per cent.1) Most of them (74) were so-called "structural" chromosome changes-either unaccompanied by other alterations (69) or in combination with triploidy (4) or a trisomic condition (1).
There were ten cases of simple numerical changes, i.e., 6 triploids, 1 tetraploid, and 3 trisomics of all the three possible types.
The most common type of cytologically established structural chromosome changes are translocations, characterized by a shorten ing of one choromosome and a corresponding lengthening of another. In our preliminary communication of 1934 such changes were treated as a simple transfer of a segment of one chromosome to another chromosome.
The same interpretation was made in setting forth the regularities observed in chromosome changes induced by X-rays (LEWITSKY and SIZOVA, 1934) .
We were impelled to such a point of view by the investigation made in our laboratory (PETROV, 1935 ) of meiosis in the karyotypical aberrants of Crepis capillaris I had obtained, in which investigation there were found at diakinesis of heterozygous "translocants" exclusively the chain-like configurations of chromosomes characteristic of simple translocations. In connection with this problem we undertook a more detailed analysis of our material (by then considerably more extensive) on structural chromosome changes which had been treated in our earlier paper (LEWITSKY and SIZOVA, 1934) . From this second analysis we obtained indubitable proof that "most (and perhaps all) X-ray trans locations in Crepis are reciprocal" (LEWITSKY and SIZOVA , 1935) . Furthermore, a second investigation (KORYUKAYEV, in press) , con ducted at earlier meiotic stages, of the aberrant material analyzed by PETROV showed the reciprocal nature of two of our chief transloca tions, though ring configurations occurred rarely , due, presumably, to the extremely small size of one of the interchanged segments (cnf also GERASSIMOVA, 1939) . Cases of reciprocal translocation were also reported by M. NAVASHIN and E. GERASSIMOVA for Crepis tectorum (1936) .
In all cases, of course, there are revealed in somatic plates 1) In our preliminary communication (1934) , in which only part of the material had been analyzed, data were given for only 272 F1 plants; of these 46 , i .e., also about 17 per cent, were aberrants . "from D to C", i.e., from the long arm of D to the long arm of C; "from D to A", i.e., from the long arm of D to the short arm of A; and "from A to C", i.e., from the long arm of A to the long arm of C. The translocation "from D to C" was obtained from two parental plants, one of which (2475) Figs. 1-20. 1. Normal nuclear plate of Crepis capillaris WALLR. 2, 3. Translocation "from D to C" (two individuals from the mother plants 2475 and 2472) . 4-7. Trans location "from D to A" (four individuals from one mother-plant 2461). In the Fig. 7 -a "constriction shifting" in the chromosome C . 8. An additional proximal fragment of the chromosome D (the same mother plant 2461). 9, 10. Translocation "from D to A" (two individuals from one mother plant 2474). 11. Translocation "from A to C". 12, 13. "Constriction shifting" in A-chr. (two individuals from one mother plant 2501). 14. "Constriction shifting" in A-chr. (mother-plant 2468 The relative lengths of the arms in both aberrants is almost the same (1.9).
Two of the X-rayed plants (2533 and 2534-Nos. 11 and 12) gave a considerable number of similar translocations "from A to C", viz., 6 and 8, respectively.
The first of these plants also gave rise to the following aberrants: alteration in the D-chromosome, triploid, and triploid with a translocation "from D to A"; and the second-only to one triploid with a translocation "from. D to A". Let us first examine the translocations in the progeny of Plant 2533. The shortened A-chromosomes in its four1) aberrants, despite slight differences, due to a contraction, are very similar as regards the ratio between the two arms (2.0, 2.0, 2.14, 2.2). Let us pass to the progeny of Plant 2534. The shortened A-chromosomes of two1) of its aberrants are also very similar as regards the ratio between the two arms (2.44, 2.5).
Thus All the phenemena just described are quite naturally explained by the fact that chromosomal aberrations occurring in embryonic tissue of a seedling are subsequently spread by cell division to whole sectors of the plant (M. NAVASHIN, 1931; LEWITSKY and ARARATYAN, 1931; KAKHIDZE, 1932) , embracing finally whole flowers and inflore scences.
The identical aberrant gametes formed by the latter in large number produce zygotes with the same kind of aberration. Thus, translocations characterizing various individuals of one and the same progeny are not merely similar but in reality identical, due to their having the same origin.
Variation in the length of the shortened (due to translocation) long arm of A in our material was to a certain extent limited, the ratio between the arms ranging from 1.49 to 2.5, whereas its possible 1) The slides for the rest were not conserved. cytelogia II limits are 0 and 3.45 (6:1.6). This is in agreement with the data obtained in investigating a great number of translocations "from A to the long arms of A, C and D" (LEWITSKY and SizovA, 1935) . These data gave the limits of variation of this ratio as 1.0 and 2.6.
The other deviations are characterized by a change only in one chromosome of the set, which undergoes a definite redistribution of its parts.
We shall take up first the so-called "shift of the attach ment constriction" in chromosome A (Figs. 12, 13, 14, 15, 16 ). This aberration is characterized by the fact that, while the total length of the chromosome remains the same, the relative length of its arms changes, the short arm becoming longer and the long arm correspond ingly shorter.
In Figures 12 and 13 this deviation is shown in its most typical form, when the A-chromosome becomes V-shaped, only slightly unequal-armed.
Measurement of the two A-chromosomes in Figure 12 The plates shown were taken from two individuals in the pro geny of Plant 2501 (No. 8), which was X-rayed at the stage of budding.
Judging by their similarity, they arose from an aberrant sector of the archesporium, which produced identically altered gametes.
In the next figure (14) chromosome A is already more clearly unequal-armed.
The ratio between the arms is 1.29:1(4.5:3.5). The initial plant was 2468 (No. 9).
The same plant produced an in dividual with a very slight lengthening of the short arm of A, accom panied by a marked lengthening of the short arm of C (Fig. 15) . The difference between these two plants was due either to two different aberrations in the mother plant or to fertilization by an aberrant pollen grain.
The fifth individual with a "shift of the attachment constriction" in A, originating from Plant 2473 (No. 5), was characterized by a change in A intermediate between the last two aberrations (ratio between the arms-1.67:1) (Fig. 16 ). The abberation just described was investigated as regards the conjugation of the two components of the pair, the normal A-chromo some and the altered A-chromosome, the latter in its most typical , almost equal-armed form. According to the investigations of PETROV (1935), these chromosomes form at diakinesis a normal 1) All the measurements cited in this paper were made by E . M. SHEPELEVA. bivalent with chiasmata, conjugating sometimes end to end, some times in their median secticns.
PETROV concluded , therefore, that the order of the genes, despite the change in the chromosomes, had remained unaltered, the change consisting apparently only in a "shift of the constriction ." A reinvestigation of this problem by KORYUKAYEV (unpubl.), with the inclusion of a study of earlier stages, led this investigator to the conclusion that we have to do here with an "internal inversion" of unequal segments of the short and long arms.
Very often in the present investigation there were observed individuals with a change in the short arm, or head, of C; sometimes it was longer than normal, sometimes shorter (Figs. 17 and 18). The nature of such changes-which, for the sake of being more objective, we designated as "unequal heads in C" (col. 14), is in general not apparent.
To observe even a small loss or addition to the "head" was not difficult, but to establish a corresponding lengthening or shortening of the long arm of the same chromosome was, for the most part, impossible, as also to reveal analogous changes in other chromosomes, in case of the transfer to or withdrawal from them of such small segments.
In one plant the head of one C-chromo some was shortened to an exceptional degree ( Fig. 19) . At the same time there occurred a shortening of the short arm of one of the A-chromosomes.
A more considerable "shift of the attachment constriction" in C (col. 13) was observed by us without any doubt only in two plants. Regarding one of them we have already mentioned (Fig. 7) ; the other is shown very clearly in Figure 20 . The nature of this altera tion has not been investigated.
Presumably there has also taken place here, as in the case of the A-chromosome, an internal inversion. The next type of rearrangement within the limits of a single chromosome is found in chromosome D, and consists of a marked shortening of its long arm, accompanied by the appearance on this much reduced chromosome of a gigantic "satellite," corresponding in size to the segment lost from the long arm (Fig. 21) .
Such an alteration has been interpreted by us either as an inversion of a proximal segment or (which is essentially the same) as a transloca tion of a large distal segment to the satellite. It is possible that even here the translocation is reciprocal. In such case the satellite (or an end portion of it) must have been transferred to the "point of breakage" of the shortened D-chromosome, while a distal segment of the long arm was transferred to the place of the satellite (or its end portion).
The possibility of such a rearrangement has recently been established by M. NAVASHIN and E. GERASSIMOVA (1936) . Cytologia II In some plates no connecting thread is visible, but that some connection exists is indicated, nevertheless, by the close proximity of these two parts of chromosome D (Fig. 22) .
The two plates just described are from a plant belonging to the progeny of the X-rayed plant 2467 (No. 21).
In all this plant produced five such aberrants.
In Figure 23 is shown a plate from another specimen (2467/15). The similarity of the two aberrations is striking.
In two other specimens it is represented in precisely the same form.
In the fifth aberrant (2467/10) both parts of the altered D-chromosome are so very close together that it assumes a resem blance to A (Fig. 24) . In sharp contrast with these quite similar aberrations among the progeny of one parental plant, is an aberration of the same type but originating from another parental plant (2533-No . 11) . In this case, as the result of the alteration, chromosome D appeared divided into two, almost equal segments, united by a thread attached to the head of one of them (Fig. 25) . The next two types of deviations comprise additions of extra elements to the normal set. The first of these (D+x), originating from the X-rayed plant 2467 (No. 21-2467/6, Col. 21) resembles to a certain extent the aberration just described, viz., one of the D chromosomes, instead of its usual small satellite, is accompanied by an enormous "fragment," sometimes as large as the chromosome itself (Fig. 26) . A connecting thread may be seen only in rare cases (Fig. 27 ), but the constant proximity of one end of the "fragment" to one end of the D-chromosome indicates that they are really con nected. The "fragment" thus proves to be a gigantic satellite. The essential difference between this and the preceding aberration lies in the fact that in this case the aberrant D-chromosome (including its gigantic satellite) is much larger than its homologue. Other peculiarities of this deviation (Fig. 26) are:
(1) "shift of the attachment constriction" in one of the C-chromosomes and (2) shortening of the long arm of both D-chromosomes as compared with A. This last peculiarity is shown in Figure 28 , taken from the same specimen (2467/6). Here attention is also drawn to the inconsidera ble size (as compared with Fig. 26 ) of the "fragment"-a case of "intra -individual variation" (LEWITSKY, 1937) . In a sister plant (2467/5) the same deviation was observed, but both C-chromosomes were normal (Fig. 27 ). This same peculiar aberration of chromo some D was also revealed in the same progeny (of Plant 2467), in combination with a translocation "from A to C" (col. 21) in its characteristic form (Fig. 29) . The aberrant D-chromosome-just as in the plate shown in Figure 26 -is considerably shorter than the long arm of chromosome A and, in this case, even shorter than its own gigantic satellite.
Analogous deviations were found by us in another plant belong ing to the progeny of Plant 2535 (No. 17) and, in combination with a translocation "from A to C" (col. 21), in the progeny of Plants 2536 (No. 23) (Fig. 30b) .
It is interesting that the presence of such an enormous satellite, attached by a slender thread, leads sometimes to its breaking off from the chromosome and to its complete loss from the set. In one of the specimens with a "fragment" just described I found two plates without any traces of this "fragment," and in another the fragment was revealed torn off and separated from the plate.1) The origin of such "augmentative aberrations" is evidently connected with the translocation to D's satellite and with the coming together in the zygote of a normal and an aberrant D-chromosome.
Whence might this translocated segment have come? Judging by its size, only from D or A. In the latter case the most probable would be balanced gametes D+a and A+a (cf. ARENKOVA, 1939) . The absence of such gametes-in general less viable-in our five cases of gametes with "augmentative aberrations" points to a translocation D-d/D+d , resulting in exclusively unbalanced gametes. Gametes, with a loss (D-d) are very feeble (ARENKOVA, l.c.), the few surviving gametes with an excess will result in our aberration.
The most interesting phenomena were observed in one plant, plates from which are shown in Figure 30 . Two plates from the same root-tip show, besides the gigantic appendage on chromosome D, an additional, seventh, independent, miniature chromosome with out visible constriction (Fig. 30a) . In two other plates this miniature chromosome is absent (Fig. 30b) , and in a fifth it is attached to C, but the large appendage is missing, and on both D-chromosomes there are entirely normal satellites (Fig. 30c ). How the satellite was able to free itself from its fusion with the "appendage"
is not clear. The above-mentioned plates were taken from sections so dis tributed that the possibility of any kind of a chimera is excluded.
Somewhat similar to the aberration just described is the unique deviation characterizing two plants in the progeny of Plant 2536 (No. 14) and shown in Figures 31 and 32 . At first glance it might be taken for a considerable lengthening of the short arm of A, but this "arm" proves to be always clearly disconnected from the other, whereas in a real A-chromosome the arms are closely connected. Moreover, on the long "arm" there may be usually quite plainly distinguished the typical head of a D-chromosome (Fig . 31 ). All this leads one to believe that in this case we have to do with a transfer of the short arm of A to the satellite of D. Then one of the supposed "D -chromosomes," always deprived of its satellite , will be in fact an A-chromosome having only a tiny remnant of its second arm . Such an interpretation leaves unexplained the excessive length of the translocated segment, which would impel one to suppose that there might be here involved another translocation too.
1) A similar phenomenon may have occurred also in the case of the previ ously described "inversion in D," since ARENKOVA (1939) observed in this plant pollen grains with a small D-chromosome minus its gigantic satellite. Th ese facts clearly demonstrate the possibility of origin of new chromosome types in result of a purely mechanical breack and with formation thereby of their new end surfaces (cf. MUNTZING, 1934 Such an analysis was made in our laboratory on the basis of nuclear plates in X-rayed seedlings (LEWITSKY and SIZOYA, 1934, 1935; SIZOYA, unpubl.) . From all this it must, apparently , be concluded that the absence of such individuals which would be expected also as a result of the common translocation "from A to A" is due to a probable lack of balance in the distal segment of chromosome A. In this connection we wish to call attention to an aberration , presumably arising from a deviation similar to that just considered , viz., a translocation from one D-chromosome to the satellite of the other D-chromosome (Figs .  26-29) .
The occurrence of a plant with such an aberration shows that its formation encounters less difficulties than that of a plant with the translocation "from A to A" which we have just discussed . Undoubtedly such an aberrant was obtained by us in the form of a triploid, its origin being due presumably to an exceptional case of the formation of a diploid gamete with precisely this kind of trans location "from D to D"
This remarkable translocation-previously not described-is shown in Figure  34 .
Of 2) with a combined altera tion, "from D to A" and "Csh" (a plate from which is shown in Fig. 7) , as a result of the combination of normal A-and D-chromo somes with altered C-chromosomes. two corresponding trisomics (Fig. 33) , three of which were found in the F2 progeny of an aberrant with both a translocation "from D to A" and a "shift of the constriction"
in C (about which we mentioned above).
Types with diverse supernumerary elements in their chromosome sets might, in general, be expected in the progeny of plants with translocations, in view of the formation by them of gametes with such elements.
Thus, the pollen grains of the hete rozygous aberrant with a translocation "from A to C" investigated by ARENKOVA (1939) "from D to A": -d), but, despite their considerable number (6% and 21%, respectively), plants with such deficiencies, even in a heterozygous state, were not found.
As regards expected "augmentative" types, in addition to all 3 types of trisomics-there occurred the following "partial trisomics": First, a trisomic as regards the proximal portion of D (dif ferent from that described earlier- Fig.  33 ), which arose as a result of a translocation "from 2D to 2A" plus an extra shortened D-chromosome (Fig. 43) ; its formula 2(A+d), 3(D-d),
2C. This aberrant occurred in the progeny of a plant with a homozygous trans location "from D to A," as a result of the fusion of gametes (belong ing to one plant or to two plants of the same type), one with a balanced chromosome set and one with an extra (D-d)-chromosome, an explanation of which we have already given above.
Since the proximal portion of D remaining after a translocation from the D-chromosome possesses the attachment constriction, it is added to the set in the form of a special, independent chromosome, increasing the total number to 7. The addition of an extra distal segment of the same chromosome, not having any attachment con struction, can be realized only by the inclusion of the A-chromosome to which it was translocated.
A simpler case of this kind is shown in Figure 44 , where the D-and C-chromosomes are normal but one of the A-chromosomes has its short arm lengthened in a way typical for a translocation "from D to A," the other A-chromosome having only a "shift of the attachment constriction."
In another case (Fig.  45) we have two A-chromosomes with such lengthened arms, but only one of the D-chromosomes has a correspondingly shortened arm (one of the C-chromosomes shows a "shift of the attachment con striction"). Cytologia 11, 1940 Both of these aberrants were revealed in the progeny of a double heterozygote with the formula: Ash, ( We have already mentioned the complete absence in our material of plants with karyotypes lacking some element of the normal diploid set. The only plant we found having a deficiency came from a triploid of a translocation "from D to A" (Fig. 46) . This defici ency consisted in the absence of one of the small (D-d)-chromosomes (Fig. 47) . Both plants arose in the progeny of a homozygous trans locant-2(A+d), 2(D-d), 2C. Two combinations of gametes are possible for the formation of such a deficiency: either 2 (A+d),
C. The occurrence of the first combination is very improba ble, since "defective" gametes lacking a (D-d)-chromosome were not found in the material investigated by ARENKOVA (l.c.). In diploid gametes the absence of one of the (D-d)-chromosomes would, of course, be felt less, and, hence, the second alternative is the more probable.
As a result of crossing the aberrants we have described we obtained a great diversity of different combinations, but, of course, almost exclusively in a heterozygous form. In many of them homo logous chromosomes were altered in different ways, as, for example, "from D to A"+"from A to C" (Fig . 48) , "from D to A"+Ash ( Fig.   49 ), "from D to A"+inversion in D (Fig. 50) . A similar change shown in Figure 51 is accompanied by a "shift of the attachment constriction" in one of the C-chromosomes.
To secure a combination of homozygous aberrations from such plants is difficult, in view of the exceptional complications of meiosis. Therefore, for this purpose we employed the simpler changes affect ing non-homologous chromosomes, such as "shift of the attachment constriction" in A and C (Fig. 52) , translocation "from A to C" plus inversion in D (Fig. 53) , and, lastly, inversion in D combined with a "shift of the attachment constriction" in A and C .
For the more speedy attainment of our aim we took for crossing plants already homozygous as regards one of the aberrations. In this direction we have so far made two attempts . The first was a cross between "from A to C"+Dinv and 2 ("from A to C") . As a result, there were obtained three plants with 2 ("from A to C")+Dinv 1) Or Csh, 2) Or C. The diverse rearrangements of chromosomes described above are not reflected in any specific (to each cf them) manner on the external morphology of the corresponding plants.
It should be noted that Crepis capillaris is, in general, a very polymorphic species with an exceptional amount and diversity of intraspecific variations. The latter characteristic is undoubtedly still more intensified in the progeny of X-rayed plants.
In addition to forms ordinarily occur ring under natural conditions there appear quite often changes which 2* Cytologia II are specifically mutant in character, chiefly in the form of a general depression in growth and of abnormalities in development. Especi ally often the branches are more compact and thickly covered with narrow leaves. These changes occur, however, both among aberrants of different kinds and among karyotypically normal plants.
It is possible that here, as in Drosophila, there takes place a specific reflec tion of definite structural chromosome changes on the phenotype, in the form of a so-called "position effect," but this could be established only by work with pure-line, homogeneous material, which in Crepis capillaris, a cross-pollinated plant, is difficult to realize.
The fertility of the investigated aberrants1) varied widely.2) In heterozygous translocants it was more or less markedly lowered, amounting in "from A to C" translocants to 50 per cent, in "from D to A" to 34 per cent, and in "from D to C" to less than 1 per cent. Of the two heterozygous inversions one (Dinv) showed only slightly lowered fertility (58 per cent) and the other (Ash) almost normal fertility (67 per cent).
Homozygous aberrants showed either close to normal ("from 2D to 2A"-67 per cent, 2Dinv-77 per cent, 2Ash -61.5 per cent) or markedly lowered fertility, even as compared with the corresponding heterozygotes ("from 2A to 2C"-41 per cent, "from 2D to 2C" -0 per cent).
The cause of the last-mentioned phenomena may be some kind of injury to the hereditary material of the plants, resulting from structural changes in certain chromo somes in the form either of lethal mutations or of a disadvantageous "position effect" (cf . DOBZHANSKY, 1930) .
Markedly lowered fertility is a characteristic of plants with an extra proximal portion of D; addition of its distal portion (Figs . 44 and 45) or of its proximal portion in a double dose (Fig . 42) results in complete sterility.
The last two types of aberrants are charac terized in general by sharply lowered viability.
Of three plants with a heterozygous addition of d, one was very frail and the other two died in the rosette stage. The tetrasomic "+2(D-d)"
was also very frail.
The triploid with a "D-d" deficiency ( Fig . 47) showed exceptionally vigorous development and flowered profusely , but after producing only three seeds, died suddenly and without apparent cause. Despite the paucity of data, they suffice to show clearly the nega tive effect on viability of homozygosity of aberrations and par ticularly of aberrations with extra chromosome elements. In connection with the foregoing, it should be noted that in the progeny of intercrossed heterozygous aberrants there quite fre quently occurred a markedly diminished number of aberrant plants, especially homozygotes, as compared with normal plants.
Let us take, for example, the F2 progeny of plants with a translocation "from D to A" , this being one of the progenies regarding which we have comparatively more data. This F2 arose partly from self-polli nation of F1 plants but chiefly from crosses between two karyo typically identical plants. A certain role in the determination of the character of the progeny may also be taken by the different degree of viability of the pollen, which is highest in the normal karyotype, thereby determining the predominance of the latter in the competition in growth of pollen tubes, fertilization, and development of zygotes. Despite the small amount of data at our disposal, nevertheless to a certain extent they mutually check one another in the progenies of corresponding heterozygous and homozygous individuals . Repro duced to the greatest extent was the "inversion in D"-from homo zygous parents even 100 per cent; to the smallest extent, the "shift of the attachment constriction" in A-in the homozygous state not at all. The translocations "from D to A" and "from A to C" occupy an intermediate position, with a clear preponderance of the former . both from heterozygous and homozygous parental forms .
In connection with the data here set forth the question was raised as to the types of gametes formed by the structural aberrants studied by us. For this purpose first metaphases of pollen grains were investigated (ARENKOVA , 1939) . The results obtained are given in Table 4 . Direct cytological investigation reveals a far greater diversity of karyotypes in gametes formed by heterozygous translocants than may be supposed on the basis of pollen sterility and the karyotypes of the progeny (BURNHAM , 1930) .
In addition to I) normal, II) balanced aberrant, and two types of unbalanced aberrant karyotypes: with a deficiency (VI, VII-4) or a duplication 1) The order in which the plants were grown was: normal , aberrant, aberrant , normal. The assured equal probability of pollination between the aberrants themselves and of pollination by normal plants.
(V, VI, VII-3), there are formed a number of karyotypes with an extra chromosome: smaller than normal (V-5, VI-6, VII-6), normal (V-4, VI-5, VII-5), and even larger than normal 8) . The number of such pollen grains sometimes amounts to as much as 11 Table 4 . Karyotypes of pollen grains formed by structural aberrants of Crepis capillaris (ARENKOVA, 1939) or even 21 per cent, exceeding in the latter case (VI-6) even the balanced karyotype (VI-2). Of all these types only duplications of D-d and d occurred frequently in the progeny of our heterozygous translocants.
G. A. LEWITSKY Cytologia II
The fertility of the pollen of our heterozygous translocants is near to the % number of normal karyotypes.
Balanced aberrant karyotypes are observed in considerably less number already at the first division in pollen grains; as the latter further mature the rela tive number of such karyotypes probably continues to decrease. This explains a lowered number of homozygous translocants in the pro geny of heterozygous translocants. Hence, the decrease in viability of structurally changed chromosomes, in the gametophyte, i.e. in the haploid state is very markedly in evidence.
Marked differences are observed in the relative number-and, consequently, in the viability-of duplications from different chromo somes. First place is taken by chromosome D, the number of dupli cations of whose distal segment (d) may reach 20.6 per cent (V-3); second comes chromosome C, with 8.5 per cent (VII-8), and in combination with "a" even 11 per cent (VII-7).
The least viable, apparently, are duplications from chromosome A: +A-1.2 per cent (VII-5), +(A-a)-5 per cent (VII-6), +a-3.7 per cent (VII-3). This makes understandable the complete absence of any aberrants with duplications in the progeny of plants with a translocation "from A to C", while we found ten such aberrants with a duplication of the distal segment of D (5 in F1 and 5 in F2 and F4; of. Figs. 44 and 45) . It is of interest that unreduced pollen grains are formed by structural heterozygotes, while they do not occur in the case of struc tural homozygotes or normal plants.
Discussion
The above-surveyed rearrangements of the karyotype based on a redistribution of chromosome portions arise not only as an effect of X-ray treatment.
The first genetically established translocations in Drosophila (cf. MORGAN, BRIDGES, and STURTEVANT, 1925) , as well as a considerable number of similar architectural rearrangements of chomosomes in Datura and Maize, arose without any special outside agencies, as has also been reported for Crepis (NAVASHIN, 1926 (NAVASHIN, , 1931 ).
An accelerated frequency of occurrence of the same chromosome changes was also established as a result of the aging of seed (NAVA SHIN, 1933; NAVASHIN and GERASSIMOVA, 1936) and of such natural factors as high temperature combined with a moist environment (NAVASHIN and SHKVARNIKOV, 1933; KIRNOSOVA, 1935; PETO, 1935) . In the progeny of Crepis tectorum plants grown from old seeds there were obtained two aberrants similar to those described by us , with chromosome changes both of a heterozygous and homozygous type (GERASSIMOVA, 1935 
